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RUBIES AND SAPPHIRES L/ 
By I. Aitkens 2/ 


GENERAL DESCRIPTION 


The precious stones rubies and sapphires are transparent varieties of 
the mineral corundum. <Zssentially they are aluminum oxide, but the aluminum is 
often replaced by small amowts of chromium, titanium, or iron. the chromium 
is said to give a red color, titanium a blue, and iron a yellow. 


True rubies range fron rose to a somewhat purplish red and are sone- 
times termed "oriental rubies" to distinguish them from spinel rubies, stones 
of inferior hardness, density, and value. "Oriental rubies" are very rare, and 
the so-called "pigeon's blood" veriety is the most valuable. 


Sapnhires normally range in color from palest blue to deepest indigo, 
tut actually all vrecious varieties of corundum of any other color than red are 
called sapphires. The most esteemed tint is like that of the blue cornflower. 


Colorless corundum of gem quality is called white sapphire; the 
yellow variety is deacribed either as yellow or as golden sapphire; and the 
pale pink is classed as pink sapphire. The word "oriental" is also used as a 
prefix in naming varieties of corumdum of less popular colors. for instance, 
oriental emerald is used for green corundum, oriental topaz for yellow, and 
oriental amethyst for violet to purple varieties. 


The chief physical characteristics of rubies and sapphires are hard- 
ness, adamantine luster, and moderately high specific gravity (3.9 to 4.1). 
Next to the diamond, corundum is the hardest of all minerals; in fact, the 
sapphire is mumber 9 on Moh's scale, ranking between the topaz and the diamond. 


Rubies crystallize in 6-sided prisms terminated by flat faces and 
other varieties of corundum with twelve inclined faces, six above and six below, 
meeting in a girdle. Corundum is doubly refractive, with a direction of single 
refraction rumning parallel to the edge of the vrism. The refractive indexes 
are very constant, the ordinary index ranging from 1.766 to 1.774 and the extra- 


ordinary index from 1.757 to 1.765. The double refraction always remains the 
bame. 


Y The Bureau of Mines will welcome reprinting of this article, provided the . 


following footnote acknowledgment is used: "Reprinted from U. S. Bureau of 
Mines Information Circular 6471." 
2/ Rare Metals and Nonmetals Division, U. S. Bureau of Mines. 
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Heat tends to lighten the color of the stone, the pale violet or 

' yellow losing their tint entirely and the deep violet turning rose color. 
Radium has an intensifying action upon the coloring. On exposure to high ten- 
perature sapphires usually lose color but unlike rubies do not regain it upon 
cooling. Under artificial illumination sapvhires appear dark and inky, and 
in some instances the blue changes to violet. 


IDENTIFICATION 


Corundum is distinguished from spinel and similar mineral substances 
by its greater hardness and density. Gemuine stones that often pass for 
rubies are spinel, called balas or spinel ruby; the garnet, called the cape 
‘ ruby; and the red tourmaline, called rubellite. These are not difficult to 
determine in the rough, as the crystals have entirely different shapes from 
that of the ruby. 


With a little practice it is not very difficult to tell genuine 
stones in the rough; but only an expert can tell a gemuine cut stone from a 
synthetic, at a glance, and as a rule it is necessary to use a microscope. 
This instrument is the only one of real value in determining gems, as it per- 
mits inspection of the structure, sha;s, and arrangement of the inclosed 
_bubbles. Spherical bubbles and a wavy concentric structure signify a synthetic 
stone and angular bubbles and striations a genuine stone. The synthetic stones 
appears even clearer and altogether more perfect, wherees, the genuine is sel- 
dom free from some flaw or blemish,. . Striated structure in the genuine gives 
a sheen or silky luster when viewed by reflected light. The real stone is 
seldom perfectly round but {a slightiy elongated, whereas the synthetic is 
generally circular. 


According to iavnail gems may be determined as follows:- 


To facilitate the determination of rubies in the field, a thallium 
silver nitrate solution in water, having a specific gravity of 4, is pre- 
pared and carried in a gmell vial in the vest pocket. <Any stone that 
floats on this solution is not a ruby, as the latter will just sink in 
the solution. The diochroscope is a tiny and inexpensive instrument 
which can be carried in the pocket. By holding the stone with a pair of 
tweezers before the lens of the diochroscope, two images of the stone 
will be seen side by side. If the position of the stone is then. rotated 
so that different planes of the crystal cone into view, the images will . 
change color from pink to deep red in the case of the ruby, whereas the 
color in the case of spinel and garnet will remain unchanged. Red tourma- 
line or rubellite also shows the variation in color, tut.a difference in 
specific gravity and hardness from the ruby will aid in ne the de- 
termination. 


Without the aid of the diochroscope one can obtain similar results” 
with a white card. Place the gem in the direct sunlight and hold a white. 
card a few inches from it in the direction of the light so as to g@c as,. 
bright a reflection as possible from the stone on the ont If the stone 


3] Calhoun, hk. Bee Burma~ An Important Source of Drecious « end Seni-Precious ioe Oar: 


ine and Min. Jour., vol. 127, May 4, 1929, PPe 711-712. 
9293 at Bim | 


Google 


I.C. 6471 


39 e@ ruty, a double image of the reflecting surface will appear, and if 
the stone is turned, these pairs of reflections will stay together and 
not sevarate. This behavior is caused by the fact that the crystal is a 
double-refracting one. Diamond, spinel and garnet would give but a single 
image, as they are single-refracting crystals. <A more expensive instru- 
ment which will determine quickly and accurately the character of any 
stone is the refractometer. This instrument determines the index of re-. 
fraction of the stone, and on comparing the index obtained from an exam- 
ination with a carefully prepared table accompanying the instrument, . the 
name of the stone is identified. 


The above methods will aid in differentiating the various stones from 
each other but not.from the synthetic ones. As has been mentioned, a micro- 
scove is necessary to identify synthetics, as See are now being made with all 
the optical characteristics of the gemuine. 


SUBSTITUTES 


Before artificial stones were perfected reconstructed stones were 
substituted for the genuine. These were produced by fusing fragments of the 
natural material. At first such stones were not clear and were poor in color 
and brittle, but later reconstructed rubies were much improved and found a 
ready market in France, Germany, India, and America. To-day reconstructed 
rubies are no longer manufactured’ to any extent, as they have been displaced 
by artificial stones. | 


. Gaudin was the first to attempt to make artifical rubies; in 1837 he 
succeeded in producing microscopic stones by fusing alum at high temperature, 
adding a little chromium as a-coloring agent. Later others, including fremy 
and Verneuil, nanufactured artificial rubies, but not until 1902 did Verneuil 
announce a process by which they could be produced on a commercial scale. 


After success had been attained in the manufacture of rubies attempts 
vere made to produce sapyhires. Finally, early in 1910, small proportions of 
titanic acid and ferric oxide Were added to alumina, and scientific sapphires 
Were Droduced as a result. These stones, mown as "hove sapphires", were manu- 
factured ny the Hellerite Co. of Paris under the direction of Prof. Verneuil. 


Pure alumina treated by the Verneuil ‘process yields white sapphires, 
bat by adding up to 7 per cent of chromium oxide rubies in varying shades may 
be obtained. Blue sapvhires may be made similarly, and about 2 per cent of the 
iron oxide and 1 per cent of titanium ‘oxide are used.as coloring matter. 


‘In certain peapecte artificial rubies aaa sapphires dasuras tired ty 
the YVerneuil process are identical with the natural stones. Aside from the 
fact that they are far less costly, however, they do differ. The distinguishing 
features are structure lines, uneven distribution of color, cloudiness, brittle- 
ness, internal cracks, and lack of Gefinite orientation of the cut Brovers 


‘Comparatively large quantities ‘of cut artificial rubies and sennbises 
are used as jewels in watches and ‘in lle piggies where: hard bearing 
surfaces are required, - | 
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: ‘Rubies undoubtedly were known to the ancients under various names. 

Before mineralogy became a gcience and chemistry could determine the character 
of minerals by their composition stones were named according to their color. 
"Carbunculus," a fiery red stone, included spinels, garnete, and finely colored 
ruby, types that were separated and distinguished as their several qualities 
became known. The Greeks wrote cf a red stone called "anthrax" which no eourt 
was the stone we know as the ruby. 


At one time all colored stones were called rubies and were distin- 
guished by a prefix of color. Sapnhires were kmown as "blue rubies." Some 
think that the 'adamas" mentioned by early Greek writers was a corumdum and not 
a diemond, and prebably the name was applied to both. They called any lustrous 
stone, that was cciorless or nearly so "adamas" and any fiery red stone 
"carbunculus," "liychnis," or "anthrax," although either may have been ruby, 
spinel, or garnet. 


In India the earliest references to the famous ruby mines in the 
Mogok district go back only to 1597 A, D., when the king of Burwa first secured 
control. Hia auscencants worked these mines intermittently to 1885, when they 
were leased to s ¢ssoch firm, A few years later, however, after Upper Burma 
was annor.d ty ths t:vitish,. the mines were leased to an English firm. About 
1889 a concession was granted to the Burma Ruby Mines Co., which has subse- 
quently worked them under a long-term lease from the British Government. Dur- 
ing the last few years these mines of the Mogok district have contributed as: 
much as 185,000 carats annually of beautiful rubies, sapphires, and spinelet/. 


OCCURRENCE 
Rubies and sapuhires occur in metamorphic rocks, particularly meta- 
morphosed limestones, gneisses, and schists, and in placer deposits. They alsc 
occur in igneous rocks--notably tasic rocks--including nepheline syenite and 
peridotite. The asscciated minerals include spinel, ‘tourmaline, cyanite, mag- 
netite, chlorite, and nephelite. 


In Burmere mines rubies occur in banks of crystalline limestone, 
associated with ersnitic and gneissose rocks. Like other kinds of corundum, 
rubies underzo ciseration under certain conditions. Sapphires and a number of 
_ other gem stores eve found chiefly as pebbles or rolled crystals in alluvial 
deposits, as in Ceylon, occur with garnet and other minerals in giacial deposi’ 
and probably have been derived from dikes of igneous rocks, notably andesite 
end a a a 


MINING METHODS 


Ordinarily methods of recovering rubies and sapvhires are rather 
primitive and generally open-cut methods are used. In Burro the native method 
- on the flats was to sink to bedrock a small vertical shaft 4 or 5 feet square, 

locally known as a twinlon. The dirt was raised in baskets to the surface by 
crude bamboo hoists, with which aatives were able to operate to a depth of 70 


4/ Calhoun, Allan B., work cited, p. 708, 
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feet, then washed in baskets to separate the precious material from other 
foreign particles. On account of the large amount of water in the valleys 
during the wet season this primitive type of mining could be employed only ~ 
during the dry season. 


. For hillside mining the natives used a different system. A ditch 
was dug sround the side of the hill to serve as a canal through which the water 
could run down from the mountain streams. In this manner the alluvials could 
be washed down into the sluices below for separation and final treatment. 

This kind of mining could be carried on during the wet seeston orly, as it 
depended strictly won running streams. 


The Europeans emoloy a different method in Burma, sinking pits and 
using centrifugal pumps to hancle the water. ‘The surrounding ground at each 
level is excavated by pick and shove] ‘and the material then hauled by trucks 
up an incline to the washer. However, ‘in mining the deeper alluvials close to 
the town of Mogok a different systex is necessary, as the cost of pumping 
would be prohibitive. Here a drainage tunnel 7 feet square in cross section 
and 5,400 feet long has been driven to tap the bot tom of the valley. 


; A large amount of the material is handled with pick and shovel. After 
the ore is broken sluice boxes carry it to the mills, so that it is partly 
cleaned by the ame it arrives. . Impurities are then removed by further washing 


processes. 
- CLEANING. 


All impurities that are entirely s arated from the sanees of: 
corumdum are removed by the washing process, t those that remain attached to 
the particlos or grains after such washing have to be removed vy apparatus : 
known as the screw or scouring machine. After grinding by such a machine the 
varticles are washed again, amd a scouring motion is kept up until all inpuri- 
ties are gradually worn away and carried off by the stream of water; ’ four to 
eight hours are required before a clean product is obteined. 


IRYING 


After washing the product is removed, allowed to Grain overnight on 
inclined floors, elevated to the second floor of the mill, and then dropped 
vertically 20 to ZO feet down the stack of a furnace. At the bottom of the 
furnace it strikes an inclined surface and slides into an iron OX. | 


By another method the wet product is thrown in at the upper ond of an 
iron cylinder open at both ends, which revolves about a coil of steam pipes. 
As one end of the cylinder is lorer than the other the wet mass is alternatoly 
carried uo by the_revolving cylinde. and dropved on the hot coil of pipes; then 
it is worked toward the lower end, whence it is conveyed to the sizing Too. | 
Here it is automatically screened to various sizes. : 


Some mills are completely equivped for gravity concentration; jigs 
are used for the coarser sizes of the crushed ore and either vamners or shaking 
tables for the finér sizes. This method works very satisfactorily and yields 
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a nearly clean product. Minerale such as garnet or pyrite, which are likely 
to remain with the corundum in the concentrates, can be separated magnetically. 
It is said, however, that these purely mechanical methods are likely to result 
in considerable loss. 


TREATMENT 


In Burma a hydraulic system 14s now in use. Gravel r s raise the 
material to sluices, then it is passed over a screen. CalhounY describes the 
operations as follows:- 7 


The fine material, 2 inches and under, passes into a 10 by 60 ft. ~ 
sluice tox, where the concentrates are caught on riffles. These concen- 
trates are cleaned up at intervals and carried to the sorting house. 
Sorting of the concentrates from the washers and the sluices is done by 
coolies in wire masks under a guard of Gurkhas with European supervision. 
The concentrates are put through: revolving screens of different sizes and 
then into a pulsator and panned until the rubies and other valuable stones 
are on the bottom. The pan is then turned upside down and ihe good stones 
are picked out. Although the coolie wears a wire mask and is watched by 
the Gurkhas and Europeans, he nevertheless manages to purloin some good 
stones. The tailings goes outside the fence, where women, who have ac- 
quired a hereditary right, sort it over and pick out small rubies and other 
stones of some value. — 


DOMESTIC PRODUCTION 


Fine rubies have been fcund in the crystalline rocks of North Carolina, 
and both rubies and sapnhiree occrr in the river sands along the upper Missouri 
River near Helena, Mont. Sapphire mining in Montana, however, has been about 
the only gem-mining enterprise that has been carried on in the Unitod States 
without interruption for any extended period. The New Mines Sapphire Syndicate, 
an English commany, operated continuously for many years in the Yogo district 
of Judith Basin County, Mont.; but on account of the reduced demand for stones 
under 1 carat this company has been reducing its held she for several years, and 
in 1929 operations were suspended entirely. 


Production for this company for recent years is reported as followsS/ oF 


Table 1. — Sapphires produced by the New Mines Sapphire Syndicate during 1924-192 
Year For gem purposes For mechanical purposes Tota 


Carats _____ Value Arats Value 
1924 278,517. $5,566 i 325,267 $25, 829 
1925 211,873 4,237 | 266,368 "33,576 

179,895 3,498 | 222,364 22,49 & 


222 89, 686 4, 86C 


Sapvhires of industrial grade have also been mined at the rate of 
20,000 ounces a year on the west fork of Rock Creek, Granite County, Mont., by 
the American Gem Syndicate. 


83,235 - 


-Calhoun, A. B., Work cited, p. 711. 
6/. Kunz, Geo. F., Precious and Semiprecious eters Min. Ind., 1929, Pe - 550. 
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INDUSTRY IN FOREIGN cOunTRIES?/ 


Corundun fit for gen stones comes: orincipally: from ‘Cbylon, Bartha; 
Siam, Austrelia, and Montana. . However, ‘smaller quantities >:° both rubies and 
sapphires, have been found in-ether Tocelities. The value of the output from 
these countries varies greatly from year to year, and statistics for the total 
volume or the value of the outpit of natural stones are lacking. Artificial 
stones are manufactured principrlly in Switzerland, France, Ge » and 
Italy. A few years ago 12: plants: were producing these artificial?/ gems, and 
the daily output was said to have been 600,000 to 750,000 carats. 


. Burma 


The “ozok mines of Burma, .India, have been the chief source of 
rubies for years. Even when the Burma Ruby Mines, Ltd., originated in 1889 
this district was noted for ita ."pigeon's blocd" rubies. From 1889 to 1925 
the total output of this country was about &.1,775,000. ‘The output of rubies 
from these mines has been declining since 1924, and it was thought that the 
suonly had become exhausted. The value of the production in 1927 was & 8,806, 
as compared with & 8,959 in.1926, but the increase ‘was said to have been due 
to discoveries of sapphires, which supplemented the output of rubies .consider- 
ably. he mines have been overated on a restricted scale by a mere skeleton 
of the former organization. 


During 1928 exceptional finds were made at View Point, about 10 miles 
from Mogok. A large.ruby said,to be worth! %:24,000 was discovered. The ruby 
output for the Moggk:mines for.1928.was valued at & 9,118, and on August 24, 
1929, a 96-carat ruby was found. Im 1928 éapphires from the Mogok mines were 
valued at & 4,093 as comared with 3-12,052/in 1927. In August, 1929, a 950- 
carat sapphire was discovered -in these mines, and in May, 1930, a 630-carat 
stone was found. The Mogok mineg also prod@uced a small amount of spinel, the 
value of which decreased from &.334 in 1927 to & 36 in 1928. : 


At the request of ithe: Burma Government & ‘geologist from the Indian 
Geolégical Survey surveyed the som industry. . His report indicated that the 
depression in gem mining in Burne was due to numerots causes, not to exhaustion 
of the: ‘gem- bearing devosits of the Mogok stone tract, and that other valleys 
in this store tract merit fuller exploration than’ they have received so far. 

He recommends hydraulic mining to prove their value rather than the hand 
methods hitherto employed. In his cyinion the greatest possibilities for the 
future will lie in large-scale treatment of the hillside devosiis. He sug- 
gests that that stretch of country usually kmow as the "Western Slopes" 

should recetve first attention, because mining by natives in-the past indicates 
4 gem-bearing region of great extent. 


with ‘the opening of new fields a number of rubies of excellent qual- 
ity have come into the market. Even when turbid in color these "star rubies" 


7] Data taken, “Yargely from amual chapters on Precious and Semiprecious Stones 


in Mineral” Industry, by George F. Kunz. 
/ Kraus, HE: HS and Holden, E. F. Gems and Gem Materials: New York, 19265, 
p.104, 
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Large first-class blues" are becoming very scarce among the Queens- 
land sapphires produced, consequently the Gem Miners! Association decided to 
locate new country, but unfortunately this enterprise was not successful. 


New South Wales 


In 1927, the Heiser Barmah sapoiires (Ltd.) started operating a 
dredge on sapphire ground near Inverell in New South Wales, treating the dirt 
in sluice boxes. Its operations vroved so successful. that the company began 
overating its own cutting olant and developing a sapnhire-cutting machine. 
oa ae cava ounces ual ene were Poe in New south Wales in 

27 


Ceylon 


Of all gems found in the Igland.of Ceylon, sapphires are the most. 
vlentiful. Recently several very valuable stones were found in the gem fields 
at Palmadula, which is about 12 miles from the town of Ratnapure. A remarkable 
find was made here about 1924. Sapvhires and other gems valued at some | 
$297,000 are said to have been taken. from the Ratnapura district. In Cevlon, 
ag in Burma, rubies are found assotiated with the sapphires. | 


ood 


Siam 


Siam also has been producing sapphires of exceptionally fine quality. 
A nunber of unusually good stones have been produced. quite Recenyys and the 
value of the output has been improved greatly. 


During the fiscal year 1923-24 uncut sapphires. valued at about 
$140,000 were exported to foreign countries. These stones. were thought to 
have come from the districts of Krat and Chautaboon. Over 7 per cent of 
these went to Great Britain, while most of. the remainder went to India, France, 
and the United States. During the fiscal year 1924-25 rough sapphires from 
Bangkok were exported, mostly to Great Britain. However,. these stones were 
valued at only 54,700 ticala {somewhat over $20,000), as compared with 379, 550 
ticals in the pEdcecrne ha : ; 


Since June, 1927, he. Bo Poi area of south Siam has been producing 
sapphires of high quality. The best stone, peacock blue with a purplish tint. 
and free from all defects, were7ee over 40 carats in the rough and 10.87 
carats when cut. 7 


‘MARKETS AND PRICES 


. In New York fine Burma rubies weighing 7 to 9 carats are worth . 
$3,000 a carat, and sapphires weigaing 20 to 30 carats and perfect in color 
comand a price of $1,000 to $1,500:a. carat, while in Rangoon it is impossible 
ever to state the prevailing prices. The native dealers have no fixed prices, 
and every stone must be bargained for. However, -pigeon's blood rubies about. 
one-half carat in weight will cost $1,000 if the stone is flawless or nearly 
80, Fairly good rubies can be purchased for $150,: while sapphires may be 
purchased ag low as $6 and uv. to $125. . On the other panes, exceptionally fine 
stones may be worth as much as $1,500 per carat. 
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In 1929, according to Kunz (Mineral Industry, p. 549), a 96-carat 
ruby was found in the Mogok mines and later sold for % 7,500 or about $380 a 
carat. This stone was cracked down the middle, which would necessitate cutting 


it into two parts. 


The best markets are Furopean cities, particularly London. The Ruby 
Mines Co. ships practically ite whole output to London, while most of the 
Queensland sapohires are disposed of through dealers in Paris or London. ‘he 
New Mines Sapphire Syndicate of Montana ships the bulk of its output abroad 
for cutting and disposes ot its stocks through London and Paris markets. ‘he 
finest stones are cut in London and Paris, while the inferior specimens dre cut 
orincipally in Switzerland and from there eteterveheds being finally used for 
jeweling watches. 


The average value of small gem sapphires (cutting under 1 carat), 
produced by the New Mines Sapphire Syndicate in Montana in 1927 was a little 
over 70 cents a carat, and its industrial stones were valued at only a little 
over a quarter of a cent a carat. Although the sales value of stones for 
cutting purposes was considerably greater than the receipts in 1926 and 
previous years the price obtained for industrial stones was scarcely one- 
eighth as much. : 
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